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MODIFYING CALCULATORS 

NOW THAT "four- banger" electronic calculators are so inex- 
pensive, modifying them for special -purpose applications is 

an attractive and cost -effective possibility. This month, we'll ex- 
amine several ways of adding external features to a four -function 
calculator incorporating an automatic constant. To determine if a 

calculator you are thinking of modifying has an automatic con- 
stant, enter the following keystroke sequence: 1; +; _; _; _. If 

the display reads 3, the calculator is equipped with an automatic 
constant feature. 

A Calculator Event- Counter. As you discovered when you ran 
through the simple keystroke sequence given above, a calcula- 
tor with an automatic constant can count the number of times the 
_" key is pressed. To automate this counting ability, it's neces- 

sary to connect an external switch across the contacts of the 
key. 

The calculator I modified, a Texas Instruments TI -1200 pur- 
chased new for about $6.00, has a 5X4 matrix keyboard. This 
keyboard is readily accessible by removing the four screws 
which hold the calculator's front cover in place. It has nine flex- 
ible leads, four of which address the vertical columns of keys 
and five the horizontal rows. The " =" key is accessed by the 
first and eighth wires from the top left of the keyboard. 

Other calculators have different keyboard arrangements, and 
some recent models do not have a separate keyboard at all. 
Unless both sides of the circuit board are visible, you'll have to 
determine which wires access the " =" key by trial and error. 
Simply enter the sequence: 1; +; =; and, with the help of a jump- 
er, begin shorting pairs of wires or foil conductors leading to the 
keyboard. Shorting digit keys may overwrite the 1 in the display. 
If so, reenter the 1; +; = sequence before trying again. 

When you find the conductors that lead to the " =" key, care- 
fully solder an insulated wire lead to each of them using a 

grounded or battery -powered iron. There is room in the TI -1200 
and some other calculators for one or more miniature phone 
jacks. If your calculator has this extra space, drill a mounting 
hole, install a jack and solder the leads to it. Once the calculator 
has been reassembled, it can be used for both calculating and 
event counting. 

Many different devices can be used to actuate the " =" func- 
tion. For manual operation, an ordinary spst pushbutton switch 
connected to a two- conductor cable and plug is sufficient. For 
automatic counting, a magnetic reed switch or phototransistor 
can be used. 
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Fig. 1. A phototransistor connected to a calculator. 

Figure 1 shows how a common npn phototransistor can be 
connected directly across the " =" key. Flashes of light will then 
actuate the " =" function. This permits moving objects to be 
counted without the need for mechanical contact. It also permits 
such novel applications as counting nearby lightning strokes dur- 
ing a nighttime storm. 
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A standard npn transistor can also be used as a switch. For 
example, to determine the maximum count rate for a TI -1200 
calculator, I connected a 2N2222 across the " =" key and ap- 
plied pulses from a variable -rate pulse generator as shown in 

Fig. 2. 

The maximum usable count rate of each of these add -on cir- 
cuits will be limited by the rate at which the calculator scans its 
keyboard to detect key closures. The TI -1200 that I modified has 
a multiplex rate of about 360 Hz, but that doesn't mean the unit 
will accept 360 closures of the " =" key each second. All twenty 
key locations are scanned one at a time by the multiplex circuit 
so, it would at first appear, the maximum number of counts per 
second is 20. Actually, my unit will accept a maximum of only 
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Fig. 2. Using a pulse generator with a calculator. 
13.44 counts per second. That's because only those input sig- 
nals present when the " =" key is in the process of being 
scanned are accepted. Those which arrive and depart between 
scans are not detected. 

This can cause problems in applications where the pulse to be 
counted is very brief. For example, the reason I decided to modi- 
fy my calculator was to count the number of times the front wheel 
of my bicycle rotated during specific time intervals (to determine 
the average speed of the bike) and during various trips (to deter- 
mine the total distance travelled). A magnetic reed switch se- 
cured to the front fork was connected in parallel with the "_ 
key. A magnet attached to the wheel rim served as its actuator. 
It didn't take me long to discover that at speeds greater than 
about 5 mph some wheel rotations were not counted because 
the switch closed and opened again between the time intervals 
when the calculator was scanning its " =" key. This problem can 
be remedied by moving the magnet and switch closer to the hub 
assembly (using care to keep these components and the con- 
necting wires away from the spokes!) or by adding a one -shot 
between the reed switch and the calculator to stretch out the 
pulses generated by the switch. 

Calculator as a Timer. The addition of a simple timebase per- 
mits the TI -1200 or other low -cost calculator to function as a 

programmable timer. Figure 3, for example, is a simple CMOS 
timebase that can be assembled on a small circuit board to be 
tucked either between the display and keyboard or below the 
battery compartment of a TI- 1200. 

Two of the gates in a 4011 are connected as an astable mul- 
tivibrator that delivers a stream of pulses to the LEO in an op- 
toisolator. The collector and emitter of the phototransistor in the 
optoisolator are connected directly across the "_" key. 

For 0.1- second resolution, it's necessary to calibrate the time - 
base so that it generates pulses at a rate of 10 Hz. This can be 
done by using a physically small trimmer potentiometer for R1 
and connecting a frequency counter to the output of the time- 
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